Introduction
Magnesium borates have many advantages in the boron mineral groups including their high elasticity coefficient and heat resistance, light weight, and anticorrosive properties. 1−4 With these properties magnesium borates can be used in cathode ray tube screens, in the ceramic industry, in detergent compositions, in ferroelastic material production, in fluorescent discharge lamps as luminescent materials, in friction reducing additive manufacture, as thermoluminescent phosphor, in superconducted material production, and in X-ray screens.
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There are several studies on the solid-state synthesis of magnesium-type borates in the literature. In these studies, the synthesis was conducted in a high temperature furnace. The magnesium sources mainly used were magnesium oxide (MgO), magnesium chloride hexahydrate (MgCl 2 ·6H 2 O), magnesium nitride hexahydrate Mg(NO 3 ) 2 ·6H 2 O, and magnesium hydroxide (Mg(OH) 2 ), and these sources were reacted with the boron sources of boron oxide (B 2 O 3 ) and boric acid (H 3 BO 3 ). In these syntheses dehydrated magnesium borate compounds were formed. 
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Usually boracites were synthesized through four different methods, namely hydrothermal, pressurized mechanical, vapor transfer, and sintering flow. 20 The most widely used method was the sintering flow method. In the study by Delfino et al., Ni-Br, Zn-Br, Zn-Cl, Mn-Cl, Co-Br, Mg-Cl, and Mn-I type boracites were studied at temperatures between 475 and 540 K, along with very long reaction times of 18-60 h and high reaction pressures of 5-33 atm. 24 However, in this study only the air atmosphere was studied and the reaction yield of magnesium-type boracite was not calculated.
In the literature, it is seen that the synthesis of magnesium type of boracites was not studied in detail, and that very long reaction times were employed, ranging from 2 to 4 days. Our study group conducted some preliminary research on boracite synthesis. For instance, some studies were carried out with the solid-state method, using H 3 BO 3 as the raw material along with MgO and MgCl 2 ·6H 2 O, but the formation of pure boracite could not be achieved. 25, 26 Another solid-state method employed at 1000
• C by Piskin et al. showed that at high temperatures, dehydrated type of magnesium borates were formed as the major phases. 25 In the study by Kipcak et al., the same raw materials were used as in the aforementioned study, but a lower temperature range of 500-700
• C was used. The results showed that the formation of boracite started at 500 • C; however, a further increase in temperature again resulted in the formation of dehydrated type of magnesium borates as the major phases. 26 Another important result obtained from these studies is that the use of H 3 BO 3 in boracite synthesis was not suitable.
This study mainly focused on the solid-state rapid synthesis of magnesium type of boracites. For this aim several different parameters such as reaction temperature, reaction time, reaction atmosphere, and different types of raw materials were studied for optimization of the perfect crystal structure for magnesium type of boracites. After the synthesis, the characterization of the products was conducted using the techniques of X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FT-IR), and scanning electron microscope (SEM). Furthermore, with the selected magnesium type of boracite minerals, electrical resistivity and optical absorbance properties were measured. 
Results and discussion

Raw material results
In
Sets
Mole ratio 600 In set 3 experiments, the Mo was removed from the raw materials, and the ratio of Mc was increased. In the products obtained from Mc and B, mainly the major phase was found as M at the reaction temperatures of 800 • C and 900
• C, while the major phase was found as B at the reaction temperatures of 600
• C and 700
The desired pure boracite synthesis was accomplished at 600
• C in the ratios of 6:6.5 and 7:7.5.
Stage 2
In stage 2, the effect of reaction medium was investigated in the synthesis and the XRD results are shown in Table 2 . Mole ratio 600
• C -Air 600 Inert atmosphere was conducted using argon gas flow of 2 mL min −1 . Since the best results were obtained in stage 1 at 600 • C, the inert atmosphere experiments were conducted at 600
• C. The highest study temperature of 900 • C was also used. In the results of the inert atmosphere experiments, the B formation scores were decreased at the 600 • C reaction temperature. At the 900
• C reaction temperature both B and M phases' scores were also decreased. Thus, it is seen that the inert atmosphere conditions affect the synthesis conditions negatively.
Stage 3
After stage 1 and stage 2 experiments the best formation for the boracite synthesis was seen at 600
• C and partly in 700
• C, and so in stage 3 three new reaction temperatures (650 • C, 550
• C, 500
• C) were used. XRD results of the stage are given in Table 3 . Mole ratio 500 
Stage 4
In stage 4 the effect of the reaction time on boracite synthesis was investigated by keeping the reaction temperature and atmospheric condition constant as 600
• C and air, respectively. Among the results obtained, which are given in Table 4 , in 1 h reaction time pure boracite was synthesized at the mole ratios of 5:6.5, 5:7.5, 6:6.5, 6:7.5, 7:6.5, and 7:7.5. The highest XRD score of 70 was obtained with the mole ratio of 7:6.5. In addition, at the reaction time of 0.5 h pure boracite formation occurred at some of the mole ratios but the XRD scores were smaller than at the 1 h reaction time. Pure boracite phases' XRD patterns obtained at 600
• C reaction temperature and 1 h reaction time and the crystallographic data of both boracite and magnesium borate are given in Figure 1 and Table 5 , respectively. In Figure 1 , it is seen that the major peaks of boracite are found at 14.6, 25.5, 29.5, 33.1, 36.4, 42.4 and 44.3
• , which correspond to Miller indices of (002), (202), (004), (222), (132), (224), and (233), respectively.
FT-IR results
The FT-IR spectra of the synthesized minerals at 600
• C reaction temperature and 1 h reaction time are given in Figure 2 . Since there were no peaks were observed above 1800 cm 
SEM morphologies
SEM morphologies of the pure boracites synthesized at 600
• C reaction temperature and 1 h reaction time are given in Figure 3 .
At the ratio of 5:6.5 (Figure 3a) , flower type transparent layers crystals are seen and the particle sizes are in the range of 397.31-768.98 nm. At the ratio of 5:7.5 ( Figure 3b ) the crystals consist of majorly solid and round crystals and a few transparent flower type crystals, the particle sizes of which are 322.59-754.91 nm. Some tubular crystals along with solid round type crystals are seen at the ratio of 6:6.5 (Figure 3c ), where the particle sizes are 390.16-662.91 nm. At the ratio of 6:7.5 (Figure 3d ), like 5:7.5 solid and round crystals are seen but at this ratio the products are agglomerated and form large crystals. The particle sizes are between 305.23 and 842.29 nm at the ratio of 6:7.5. At 7:6.5 ( Figure 3e ) round solid crystals are agglomerated and form large crystals like at 6:7.5, where their particle sizes are between 386.54 and 705.81 nm. At the last ratio of 7:7.5 (Figure 3f ), some flower like crystals and solid round and rectangular crystals are formed, with particle sizes between 450.78 and 735.33 nm. The smallest and largest particle sizes are seen at the ratios of 6:7.5 and 6:7.5, respectively. 
Reaction yields
The reaction yields calculated for the pure boracites synthesized at 600
• C reaction temperature and 1 h reaction time are shown in Figure 4 . The highest and lowest reaction yields are seen at the mole ratios of 6:7.5 and 5:6.5 with values of 77.49 ± 1.86% and 58.81 ± 1.65%, respectively. 28 Since the conductivity is inversely proportional to resistivity, the resistivity of the magnesium borates was about 10 7 Ω.cm. Therefore, the electrical conductivities of the pure boracites were lower than those of the magnesium borates.
Electrical and optical measurement results
The absorption spectra of the magnesium type of boracite mineral with Mc:B mole ratios of 6:7.5 and 7:7.5 were measured in the wavelength range of 200-1000 nm at room temperature. Figure 6 shows the optical absorption spectra of the magnesium type of boracite minerals. The optical energy gap of the magnesium type of boracite mineral was determined from extrapolation of the high energy part of absorption spectra as about 2.18 eV-1.65 eV, respectively. The optical energy gap of the magnesium type of boracite mineral decreased with increasing Mc ratio from 6:7.5 to 7:7.5. As with electrical resistivity, boracite minerals' optical energy gap has not been studied but the energy band gap of magnesium borates was calculated to be 4.72 eV by Kumari et al.
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In conclusion, in this study the magnesium type of boracite synthesis via solid-state method was examined. The study was started with the raw materials MgCl 2 .6H 2 O, MgO, and B 2 O 3 and the pure boracite was obtained from the MgCl 2 .6H 2 O and B 2 O 3 . The optimization of several parameters was revealed as the pure high crystal scored boracites were synthesized at the conditions of 600
• C reaction temperature, 1 h reaction time, in air atmosphere, and at molar ratios of 5:6.5, 5:7.5, 6:6.5, 6:7.5, 7:6.5, and 7:7. 
Synthesis methods
At the beginning of the study some preexperiments were conducted for the determination of molar ratios.
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Then some other molar ratios were added. Along with the synthesis method, several parameters were studied; in stage 1 experiments, the reaction temperatures were between 600 and 900 • C (the temperature increment was 10
• C/min), reaction time was 4 h, and the mole ratios of the raw materials were between 4 and 6 for MgO 
However, considering that HCl gas will be produced in the system, the chlorine to be used in synthesis will be stoichiometrically less in proportion; thus the formation of dehydrated magnesium borate minerals would be expected in addition to the synthesis of boracite (Eq. (2)).
The ratio of Mc was increased in set 2. After the set 2 synthesis dehydrated magnesium borate minerals were also seen. Thus in set 3 experiments Mo was removed from the raw materials and the ratio of Mc is increased to 5-7 (Mo ratio added to Mc). The expected formation is given in Eq. (3):
In the stage 2 experiments, the atmospheric conditions were studied to determine how the boracite synthesis is affected. The top (900 • C) and bottom temperatures (600 • C) of stage 1 (bottom temperature gave the best formation in stage 1) were selected. In the experiments argon gas flow (2 mL min −1 ) was used for obtaining inert atmosphere. After experimenting with different atmospheric conditions that affect the synthesis, the reaction temperatures in stage 3 were decreased below to 500 • C, in order to determine the boracite formation temperature. In the last stage, stage 4, different reaction times were studied.
Before the synthesis for the preparation of the pellets, homogeneous mixtures were subjected to Manfredi OL 57 pellet preparation equipment with 100 bar pressure. Then the pellets were reacted in a Protherm MOS 180/4 high temperature furnace in alumina dust covered ceramic crucibles. After the synthesis, products were ground in a ceramic mortar. The scheme of the experiments is given in Figure 7 . 
Characterization of the boracite
The characterizations of the formed products were carried out using XRD, FT-IR, and SEM techniques. XRD analyses were conducted with the parameters given in section 3.1. Furthermore, the XRD scores (when all of the peak intensities (%) and peak locations matched perfectly with the JCPDS card number of reference mineral, the XRD score of analyzed mineral is equal to 100) were analyzed.
A PerkinElmer Spectrum One FT-IR with a universal attenuated total reflectance (ATR) sampling accessory, diamond/Zn, was used for the determination of the characteristic bands of products. Scan number and resolution parameters were selected as 4 and 4 cm −1 , respectively, in the FT-IR analyses.
The synthesized products' surface morphologies and particle sizes were determined by a CamScan Apollo 300 Field-Emission SEM working at 20 kV. The scale of magnification was in the range of 10,000 and backscattering electron (BEI) detector was used.
Yield analysis was also performed using methods reported previously. 31−35 For the pure boracites, MgCl 2 .6H 2 O and B 2 O 3 were identified as the key components depending on the limiting reactants. Experimental runs were performed in triplicate.
The number of moles of product at the final stage, N D , was divided by the number of consumed moles of the key reactant A to calculate the overall yield, Y D (Eq. (4) ). The number of moles of A consumed was calculated using the initial (N A0 ) and final ( N A ) moles of the reactant. For a batch system, the equation then
Electrical and optical properties
Some synthesized magnesium-type boracite minerals were pressed into pellets under pressure of 30 MPa with 13 mm diameters and about 0.4-0.5 mm thickness. Electrical resistivity measurement of selected magnesium-type boracite minerals, which were synthesized with the mole ratios of 5:7.5, 6:7.5, and 7:7.5; MgCl 2 .6H 2 O to B 2 O 3 mole ratios; 600
• C reaction temperature; and 1 h reaction time, were carried out by standard current voltage measurement at room temperature using a Keithley 6487 in darkness with thermally evaporated silver contacts on both surfaces of pellets. The absorption spectra of the magnesium-type boracite minerals were recorded using a PerkinElmer ultraviolet-visible spectrophotometer in the wavelength range of 250-1000 nm at room temperature. In this measurement the magnesium-type boracite minerals were dispersed in HCl solution with the same concentration in a quartz tube (1 cm × 1 cm).
